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(54) Biocular viewing optical appa- 
ratus 

(57) Optical apparatus for biocular 
viewing which is small and of light 
weight comprises a solid optical ele- 
ment (4,6) having a face (7) which 
internally reflects light from an im- 
age surface (2) to internally concave 
reflecting areas (3) which reflect the 
light back to the face (7) to emerge 
as two beams travelling towards re- 
spective eye positions (E1 , E2) via a 
corrector lens (10). The apparatus 
can be used in night vision goggles 
having a single image intensifier 
tube providing the image surface. 

As shown, the apparatus also 
comprises a light-absorbing plate 
(9) and an additional display source 
(1 1) from which projected light 
passes through a hole (not shown) 
in plate (9) to form a real image on 
surface (2). 
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SPECIFICATION 

Improvements in or relating to optical apparatus 

5 This invention concerns improvements in or relating to optical apparatus and relates more 5 
particularly to optical apparatus for biocular viewing. 

Optical apparatus for biocular viewing is used, for example, in night vision equipment by 
which an observer can view with both eyes a magnified image of an object which is usually the 
face plate of an image intensifier tube. The image intensifier tube receives light from a scene at 
10 a low brightness level and, by an amplifying electro-optic system, displays on its face plate an 10 
image of the scene of sufficient brightness for viewing by a human observer. Light from the 
displayed image travels via some form of magnifier to the observer's two eyes. In some 
applications of biocular viewing apparatus the object can be, instead of an image intensifier 
tube, a cathode ray tube. 

1 5 In practice, biocular viewing apparatus does not normally present the whole field of view to 1 5 
both eyes and commonly the observer's left eye sees all of the righthand field and only a portion 
of the left while the right eye sees all of the lefthand field and only a portion of the right. 
However, this has been found satisfactory and preferable to a monocular arrangement by which 
the observer sees the image with one eye only. 

20 Biocular apparatus has the advantage of needing only one image intensifier or cathode ray 20 
tube over binocular apparatus in which two separate tubes and associated optics are provided, 
one for each eye. However, in biocular apparatus the optics has to meet the requirement of 
providing satisfactory imagery for the two spaced eye positions from a single object. This can be 
achieved by the used of a biocular magnifying lens, i.e. a lens specially designed to have an exit 

25 pupil large enough to accommodate both eyes and to be adequately corrected for the two 25 
spaced eye positions having regard to the angular difference in geometry over the biocular 
portion of the field of view. Such a lens is disclosed in British Patent Specification 1,389,564. 
This can also be achieved by the used of a collimating magnifier lens and a prism arrangement 
which directs the light output from the lens to the two spaced eye positions. Such a system is 

30 disclosed in British Patent Specification 1,506,614. 30 
It is sometimes highly desirable that the biocular viewing apparatus should be mounted 
actually on the observer's head in the manner of goggles. This has the advantage relative to a 
fixed mounting of permitting head movement while maintaining a view through the apparatus 
and relative to hand holding of leaving the observer's hands free to perform other functions. 

35 Necessary requirements for head mounting are small size and low weight. These same 35 
requirements are, however, also desirable for modes other than head mounting, especially for 
man portable equipments. 

The advent of relatively small and lightweight image intensifier and cathode ray tubes has 
greatly assisted in reducing the size and weight of the equipment and reasonable portability and 

40 even head mounting has been achieved. Nevertheless, there is a continuing demand for 40 
reduction in size and weight allied with a desire for low cost while, of course, maintaining 
satisfactory optical performance. 

Broadly according to the present invention there is provided optical apparatus for biocular 
viewing comprising a solid optical element having a face which internally reflects light towards 

45 internally concave reflecting areas from which the light is reflected back to said face to emerge 45 
therefrom in two beams travelling towards respective spaced eye positions, and corrector lens 
means disposed in the light paths to the repective eye positions. With such apparatus an 
observer with his eyes located at said spaced eye positions can see with both eyes a magnified 
image of visual information displayed on an image surface from which light enters the solid 

50 optical element. The image surface may be cemented to the solid optical element. 50 
Further according to the invention there is provided optical apparatus for biocular viewing 
comprising means providing a convex image surface, a solid optical element having substantially 
flat surface areas and internally concave reflecting surface areas facing said substantially flat 
surface areas and disposed so that light from said image surface is incident on said substantially 

55 flat surface areas at angles to be internally reflected thereby towards said internally concave 55 
reflecting surface areas and is reflected from the latter back to said substantially flat surface 
areas for transmission therethrough with refraction thereby towards respective spaced eye 
positions, and corrector lens means disposed in the light path between each substantially flat 
surface area and the respective eye position. With such an arrangement an observer with his 

60 eyes located at said spaced eye positions can see with both ey s a magnified image of visual 60 
information displayed at said convex image surface, the magnification being effected mainly by 
th power of said concave r fleeting surface ar as whose inherent field urvature can b 
accomm dat d by said convex image surface. Said convex imag surface may be cem nt d t 
said solid optical element in order to use the full aperture of said internally concave refl cting 

65 areas. 65 
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The solid optical element is preferably of a material of high refractive index (relative to air), 
preferably in the range 1 .5 to 1 .8. Such high refractive index enhances total int rnal reflection 
from said substantially flat surface areas. These can be areas of a comm n substantially planar 
face of the solid optical element. 
5 The solid optical element may comprise an element having an externally convex face, o 
respective areas of this convex face being rendered internally reflecting, e.g. being silvered, to 
provide said internally concave reflecting areas. The central area of the convex face is left clear, 
to permit transmission of light therethrough, and this central area of the convex face may be 
flat, i.e. planar, having been rendered such for example by grinding and polishing. Conveniently 

10 the solid optical element comprises a basically plano-convex element. 10 
The solid optical element may comprise a main element, conveniently said plano-convex 
element, and a spacer element cemented to said main element, and the image surface may be 
cemented to the spacer element. The spacer element has a face matching the image surface, i.e. 
a matching concave face for a convex image surface, and the spacer is of the correct thickness 

1 5 for the location of the image surface. The spacer element may be cemented to the central clear 1 5 
area of said convex face of the main element, the spacer element having a face matching that 
area which may, as mentioned above, be flat, i.e. planar, the matching face of the spacer 
element to which it is cemented then also being flat, i.e. planar. 

Part of the face of the solid optical element which reflects light towards said internally 

20 concave reflecting areas may be rendered internally reflecting, e.g. by silvering, where light does 20 
not need to be transmitted through the face, and in particular where total internal reflection 
breaks down for incident rays from the image surface. Preferably means for aborbing unused 
light are associated with the solid optical element. Thus, where said substantially flat surface 
areas are provided by a common substantially planar face, for example the planar face of a . 

25 basically plano-convex element, the central region of that planar face may be rendered light 25 
absorbing for example by means of a light absorbing plate cemented thereto. 

The corrector lens may comprise a common meniscus lens form, concave towards the eye 
positions, disposed with a part of the lens in each of the respective light paths to the eye 
positions with the central unused part of the common lens form omitted. 

30 Preferably the curved optical surfaces of the apparatus, and specifically said internally concave 30 
reflecting areas, said convex images surface and the corrector lens means curved faces, are all 
of spherical curvature. However aspheric surfaces could be employed, but with probable 
increase in the costs of manufacture. Specifically, the corrector lens means in the light path to 
each respective eye position may be an astigmatic lens element with toric surfaces in each light 

35 path, and/or said internally concave reflecting areas could be aspheric. 35 
Said image surface may be provided by an image intensifier tube which may have a convex 
fibre-optic face plate or by a cathode ray tube which may have a convex face. If the apparatuses 
required to present to an observer visual information additional to that displayed by such a main 
display means, then the apparatus may include projection means, such as a lens and prism, for 

40 projecting light from an additional display source through said solid optical element to form a 40 
focussed real image of an additional display on a main display image surface. The projection 
means can be mounted adjacent the central area of a substantially planar face providing said 
substantially flat surface areas, for example the planar face of a plano-convex element as 
previously mentioned, a hole through which the light can be projected being provided in any 

45 light absorbing means in this region. 45 
There may be provided means for deviating by diffraction or refraction light entering the solid 
optical element and preferably a holographic screen is associated with the image surface to 
cause divergence of light from the image surface as it enters the solid optical element. 
There may be provided a dioptric lens element in each of the light paths from the solid optical 

.50 element to the repsective eye positions. 5 ^ 
The present inventon further provides night vision goggles having a single image intensifier 
tube and comprising optical apparatus for biocular viewing as set forth above. 

Apparatus in accordance with the invention can be relatively small and light in weight and is 
particularly, but not exclusively, suitable for headmounting in the manner of goggles. 

55 An embodiment of optical apparatus for biocular viewing in accordance with the invention will 55 
now be described, by way of example, with reference to the accompanying drawings in 
which: — 

Figure 7 is a schematic representation, and 
Figure 2 is a view similar to Fig. 1 illustrating further features. 
60 Th apparatus basically comprises a solid optical element, formed in this embodiment by a 60 
main I ment 4 and a spacer element 6 cem nted to the main element 4, the solid optical 
element having a face, parts of which are indicated by the ref rence 7, which internally refl cts 
light towards internally concave reflecting ar as 3 from which the light is r fleeted back to the 
fac 7 to emerge ther from in two beams travelling towards respective spac d ey positions E1 
65 and E2, and corrector lens means 10 disposed in the light paths to th respective y positions. 65 
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visual information displayed at the image surface 2 „ . th disp|ay face of an 

1 0 Inlox Lt.ri... to, oxanjpl. optical *-»?'£!?ZS ^SiSS^TS^M by .ho 

convex face of the main element 4. f ace of the main element 4 is shown as 



In 

20 



25 reflecting concave surface areas 3 which , face ^bstemt.a ™ a f incidence and , 

observer's respective eye positions E1 and E2. Betweer .trie eye ' P°*™ co ncave towards 

7 there is interposed a *^«™f»ff£ % ^t^^ZT^eeneZu eye position 
35 aSlSS&VSTSC iSTfiSJSSSnJ unused region omitted to provide a 35 
space or aperture between these parts_ appa rent from the abpve, is briefly 

main element 4 to be internally incident on its P a" 3 ^^™." 9 ^ 9 Such | igh t in 40 
internally reflecting surface areas 3. Su ch ' ""J* « ^J°JJ ^rds *S Wave internally 
45 therefrom back to the respective surface areas 7, at which ^ggg a ™J Q J, icn are 

emerging light is then transmittea tnrougn "J" ™ « „« nn ifiad imaae of visual information 

observer can thus see with both eyes E1 andK a rnagnified MJJS^J«JJ ^ ided 5 0 

arranged to locate the image at a in the drawing because of the 55 

55 As will be apparent from the .lucrative 'HfW «" ^"fflhand field but sees all 

central obscuration the observer's left eye E1 s not see al? 5 the left hand field but 
of the left hand field, and similarly the right eye Bd«"«^™ . hj h the , eft 
sees all of the righthand field. This differs from i other J^JJJgJfSlS the lefthand 
eye sees all the righthand field and a portion of the left, and the right eye sees a 6Q 

60 field and a portion of the right. . f «. nhe ,jcal curvature. Thus the convex face 

faces of the lens 10, may be of spherical curvature, the convex d splay n***n » surfac , 
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astigmatic lenses having toric surfaces could be used in place of the lens 10. In fact the .use , of 
astigmatic lenses with toric surfaces would give a greater eye rel.ef d.stance but the.r cost may 
be greater because of the their non-spherical surfaces. 

The correcting lens 1 0, or that alternative toric lens elements, could be made of a Pities 
material, a high refractive index not being needed for these components. The main element ^4 5 
and I the spacer element 6 would, however, normally be made of optical glass because of the 
high refractive index requirements. In manufacture the main element 4 can be made in the 
normal way for a plano-convex lens element but before truncation (to remove unused parts of 
the element and hence reduce its bulk and weight) and silvering (to provide the reflective 
surface area 3 and 8) the clear area 5 can be ground flat and polished. In subsequent assembly 10 
the spacer element 6 having one ground and polished flat face and one concave face ground 
and polished to match the convex display face 2. can be cemented to the flat area 5 and the 
display face 2 can then be cemented to or located adjacent the spacer element. The spacer 
element is of course, of the correct thickness for the location of the display face 2. 

In the particular embodiment shown and described by way of example precise flatness or 1 5 

plana™ is not essential for the planar face of the main element 4, and hence the substant.ally 
flat surface areas 7. and this face, and hence these areas, could have a radius of curvature for 
example down to about 0.5 metres. The terms "substantially flat" and substant.aHy planar 
where used herein are to be construed accordingly, as are references to the planar face of the 
20 plano-convex element. By way of particular example, the planar face of the P'f. n ^onvex 

element 4 could in practice be externally concave with a radius of curvature slightly shorter than 

1 ThTconvex display face 2 in the particular embodiment shown and described preferably has a 
radius of curvature in the range from infinity (and the term ' convex when used in this ' context 

25 s to be construed accordingly) down to for example about half the radius [ of curvature of the 25 
internally concave relecting surface areas 3. There may be associated I with the display face 2 a 
diffractive or refractive screen which effectively assists in spreading the light to fill the aperture 
of the system. Preferably it Is diffractive and in the form of a holographic screen which may 
comprise a thin hologram adapted to cause divergence of light transmitted through the 

30 hologram or a thick (Bragg) dual axis hologram. In either case light from the display face 2 is JU 
transmitted through the holographic screen and deviated thereby into divergent paths. Pig. ^ 

schematically shows such a holographic screen 12 at the display face 2. e i nm< , nt 

Fiq 2 also shqws dioptric lens elements 13 disposed in the light paths from the main element 
4 to the respective eye positions E1 and E2. These dioptriclens elements are , of positive jpower, 

35 being shown as planoconvex, and are located one between each position and the respective -so 

C °Rg Ct 2 shows antral optical axis 0 and the in practice omitted central part of the correcting 
lens form 10 is shown in broken line to indicate the positions of the respective surfaces on that 
central axis. Fig. 2 also shows respective axes E through the eye positions on which the dioptric 

40 lens elements 13 are centred. The respective surfaces are numbered R1 to R8 in the wf™* 
direction to that of light travel. Thus R1 is the surface facing the eye positions of the diotnc lens 
elements 1 3 and R8 is the surface of the spacer element 6 which matches and is against the 
image surface 2 with its holographic screen 12. The substantially flat face of the J>! ano £°"v e * 
element 4 is indicated as both R5 and R7 since light is incident on that surfaM twice It wm be 

45 seen that, as shown in Fig. 2. the in practice omitted central part of the correcting Js" 8 1mm 1 0 45 
may extend into the element 4 and the (imaginary central part of) surface R 3 of the correcting 
lens form 10 may coincide on the axis 0 with the surface R5/R7 of the element 4. 

A particular example of an embodiment in accordance with Fig. 2 has numerical data as 
follows, the dimensional units being millimetres. The axial Sicknesses/separations are on ithe 

50 central axis 0 except for the thickness of the dioptric lens element 1 3. i.e. the spacing between 
surfaces R1 and R2. which is on the axis E. The separation between the surfaces R2 and R3 is 
on the axis 0 and is the same distance between the point where a tangent to surface ,R 2 cuts 
the axis 0 orthogonally and the point where (the imaginary central part of) surface R3 cuts the 
axis 0. 



40 
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Surface Radius of Curvature Axial Thickness/ 

Separation 





R1 


PLANO 
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5.08 




R2 


- 254.00 










20.32 




R3 


- 54.366 










1.016 


10 


R4 


-91.664 










- 1.016 




R5 


-892.07 










21.082 




R6 


-83.997 




15 






-21.082 




R7 


-892.07 










23.764 




R8 


+ 56.444 





20 The main element 4 and the spacer element 6 are of optical glass of refractive index 20 
Nd 1.70585 and constringence or V value 30.3. The corrector lens 10 is of optical glass of 
refractive index Nd 1.80518 and constringence V 25.43. The dioptric lens elements 13 are of 
optical glass of refrative index Nd 1.62004 and constringence V 36.37. This particular example 
gives a field of view of 33 degrees and has an Equivalent Focal Length in glass of 49mm and in 

25 air of 28 mm, and has a nominal dioptric setting of — 2. 25 
The described apparatus is particularly suitable for head mounting and use as night vision 
goggles in which the required field of view is about 30* to 40". The maximum field of view is 
related to the distance between the eyes and the size of the display face 2. Thus, with apparatus 
dimensioned to suit the normal human interocular spacing of around 64mm it has been found 

30 that, for adequate image quality over a field of view of about 36°, the diameter of the display 30 
face 2 should not exceed about 1 8 to 1 9mm when surfaces of spherical curvature are employed 
as described above. If desired, the field of view can be improved by use of aspheric surface 
areas 3 and/ or toric lens elements 1 0 as mentioned previously, but the crucial dimension is still 
the size of the display face 2 which must not be made too large or the central effectively 

35 obscured area becomes too great for satisfactory performance. The size of the display face 2 35 
can, of course, be less than the maximum, e.g. as a practical matter down to about 1 3mm for a 
36° field of view. 

It will be understood, therefore, that the system is not scaleable in the usual way because of 
the substantially fixed value of the distance between the eyes of a prospective observer. 

40 Although particularly suitable for head mounting, where smaflness and lightness in weight are 40 
necessary requirements, apparatus in accordance with the invention can find other modes of 
application notably in the field of man portable equipment, especially having regard to the 
advent of relatively small cathode ray tubes as suitable objects. 

In some applications it may be required to display more than one set of visual information, 

45 i.e. additional information to that displayed by the object 1 on its display face 2. Such additional 45 
information can be injected by projection of light from an additional display source via a lens 
and prism arrangement, schematically indicated as 1 1 in Fig. 1, mounted centrally close to the 
planar face of the main element 4, The projected light passes through a hole (not shown) in the 
centre of the tight absorbing plate 9 and forms a real image of the additional information on the 

50 display face 2 (the lens/ prism arrangement 1 1 being such as to focus the light on to the display 50 
face). Light reflected from the display face 2 then travels in the same fashion as described above 
in relation to light from the main display on the face 2, the observer can thus see with both eyes 
a magnified image of the additional information. If both the main display and the additional 
display are switched on, the observer will see superimposed images of both simultaneously but 

55 he can, of course, switch off one if he wishes to view only the other. 55 
As previously indicated, the main element 4 and the spacer element 6 would normally be 
made of optical glass, for example of refractive index 1.7. This lies towards the upper end of the 
preferred range of 1 .5 to 1 .8 for the high refractive index (relative to air) material filling the 
space between the substantially flat surface areas and the concave reflecting surface areas, it 

60 being appreciated that the higher the refractive index then the greater the enhancement of total 60 
internal r flecti n from the substantially flat surface areas. However, when a lower degree of 
total internal reflection is tolerable, the elements 4 and 6 could be made of a material of 
c rrespondingty lower refractive index, for exampl ab ut 1 .6, and, as a particular further 
example, polycarbonate material of r fractive index 1.58 could be employed. 
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CLAIMS . 

1 . Optical apparatus for biocular viewing comprising a solid optical element having a face 
which internally reflects light towards internally concave reflecting areas from which the light is 
reflected back to said face to emerge therefrom in two beams travelling towards respective 

5 spaced eye positions, and corrector lens means disposed in the light paths to the respective eye S 
positions. 

2. Optical apparatus for biocular viewing comprising means providing a convex image 
surface, a solid optical element having substantially flat surface areas and internally concave 
reflecting surface areas facing said substantially flat surface areas and disposed so that light 

10 from said image surface is incident on said substantially flat surface areas at angles to be 10 
internally reflected thereby towards said internally concave reflecting surface areas and is 
reflected from the latter back to said substantially flat surface areas for transmission there- 
through with refraction thereby twoards respective spaced eye positions, and corrector lens 
means disposed in the light path between each said substantially flat surface area and the 

15 respective eye position. 1 ^ 

3. Optical apparatus according to Claim 2 in which said convex image surface is cemented 
to said solid optical element. 

4. Optical apparatus according to Claim 1 comprising means providing an image surface 
which is cemented to said solid optical element. 

20 5. Optical apparatus according to any preceding claim in which said solid optical element is 20 

of a material having a refractive index in the range 1 .5 to 1 .8. 

6. Optical apparatus according to Claim 2 or Claim 3 or Claim 5 when dependent from 

Claim 2 or Claim 3, in which said substantially flat surface areas are areas of a common 

substantially planar face of said solid optical element. 
25 7. Optical apparatus according to Claim 1 or Claim 4, or Claim 5 when dependent from 25 

Claim 1 or Claim 4, or Claim 6 in which part of said face is rendered internally reflecting where 

light does not need to be transmitted through the face. 

8. Optical apparatus according to any preceding claim in which said solid optical element 
comprises an element having an externally convex face respective areas of which are rendered 

30 internally reflecting to provide said internally concave reflecting areas, the central area of the . 30 
convex face being clear to permit transmission of light therethrough. 

9. Optica! apparatus according to Claim 8 in which the central area of said convex face is 
flat. 

1 0. Optical apparatus according to Claim 8 or Claim 9 in which said solid optical element 

35 comprises a basically plano-convex element. 35 

1 1 . Optical apparatus according to any preceding claim in which said solid optical element 
comprises a main element and a spacer element cemented to said main element. 

12. Optical apparatus according to Claim 1 1 when dependent from Claim 3 or Claim 4 in 
which said image surface is cemented to said spacer element. 

40 1 3. Optical apparatus according to Claim 1 1 or Claim 1 2 when dependent from any of 40 
Claims 8, 9 and 1 0 in which said spacer element is cemented to said central area of said convex 
face. 

14. Optical apparatus according to any preceding claim comprising light absorbing means 
associated with said solid optical element to absorb unused light. 
45 15. Optical apparatus according to any preceding claim in which said corrector lens means 45 
comprises a common meniscus lens form, concave towards the eye positions, disposed with a 
part of the common lens form in each of the respective light paths to the eye positions and with 
the central unused part of the common lens form omitted. 

1 6. Optical apparatus according to any preceding claim in which the curved optical surfaces 

50 are all of spherical curvature. 5 ^ 

1 7. Optical apparatus according to any of Claims 1 to 1 5 in which said corrector lens means 
comprises an astigmatic lens element with toric surfaces. 

18. Optical apparatus according to any preceding claim comprising projection means for 
projecting light through said solid optical element to form a focussed real image of an additional 

55 display on a main display image surface. 55 

19. Optical apparatus according to any preceding claim comprising means for deviating light 
entering said solid optical element. 

20. Optical apparatus according to claim 1 9 in which said deviating means comprises a 
holographic screen. 

60 21. Optical apparatus according to any pr c ding claim comprising a dioptric lens elem nt 60 
in each of the light paths from said solid optical element to the respectiv eye positions. 

22. Optical apparatus for biocular viewing substantially as des ribed her in with reference to 
th accompanying drawings. 

23. Optical apparatus according to Claim 22 having numerical data substatially in acc r- 

65 dance with the xample set forth herein. 65 
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24. Night vision goggles having a single image intensifier tube and comprising optical 
apparatus for biocular viewing as claim d in any preceding claim. 

CLAIMS (28 March 1980) 
5 1 . Optical apparatus for biocular viewing comprising a solid optical element having a face 5 
with transmissive areas arranged to receive light at angles such that the light is internally 
reflected from said transmissive areas towards internally concave reflecting areas from which the 
light is reflected back to said transmissive areas through which it is transmitted to emerge from 
said face in two beams travelling towards respective spaced eye positions, and corrector lens 
1 0 means disposed in the light paths to the respective eye positions. 1 0 

Printed for Her Majesty's Stationery Office by Burgess & Son (Abingdon) Ltd. — 1 980. 
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